The European research project on reed die-back and progression (EUREED)  by Brix, Hans
Limnologica 29 (1) L IMNOLOGICA 
(1999) 5-10 
© by Urban & Fischer Verlag 
Department ofPlant Ecology, Institute of Biology, University of Aarhus, Risskov, Denmark 
The European Research Project on Reed Die-Back and Progression 
(EUREED) 
HANS BRrX 
With 3 Figures and 2 Tables 
Key words: Phragmites australis; wetland; land-water cotone; climate change; greenhouse gas; genetics; biogeochemical ycles 
Abstract 
Reeds (Phragmites australis (CAV.) T~IN. ex STEUDEL) are dying 
back at a fast rate in sizeable areas of Europe, with significant im- 
pacts on important wetland functions (biodiversity, stability of river 
and lake margins, water quality) and local economy. EUREED is a 
European strategic fundamental research initiative that aims at ana- 
lyzing the mechanisms which control the growth dynamics and sta- 
bility of reed-dominated cosystems, atmodelling and predicting 
how the ecosystem is disturbed by human activities and climate 
change, and at developing remedial management options. Expected 
achievements include (i) assessment of the functional role of reed- 
dominated ecotones as nutrient accumulators and transformers and 
as sources for atmospheric greenhouse gases, (ii) an ecosystem 
model capable of predicting future changes in ecosystem function- 
ing in relation to climatic onditions, trophic status and water table 
management, (iii) assessment of genetic diversity of reed popula- 
tions and its relation to die-back, and (iv) development of manage- 
ment ools, including preventative and restorative measures in rela- 
tion to die-back. The project is carried out by research groups with 
complimentary skills and expertise from nine European countries. A
reference study site is selected in each country as the basis for the 
field studies. The reference sites cover boreal-mediterranean and 
oceanic-continental climatic gradients, and the observational nd 
experimental studies at these sites will permit interpolation between 
sites and extrapolation f results to the European scale. 
Introduction 
The Common Reed (Phragmites australis (CAV.) TRIN. ex 
STEtJI~EL) is a principal plant species of much of the land- 
water ecotone throughout Europe and beyond. Its continuing 
presence in maintaining stability of river and lake margins 
and as a sanctuary for wildlife is of major ecological and so- 
cial importance. In common with other wetland ecosystems, 
it serves as a buffer ecosystem between terrestrial nd aquat- 
ic ecosystems and as a source of trace gas emissions (BRIX et 
al. 1996; SORe, ELL & BOON 1994). In this respect Phragmites 
is perhaps more important han most wetland vegetation 
types because of its pressurized gas-flow aeration mecha- 
nisms, which enhance the escape of CH 4 and CO2 from the 
sediments to the atmosphere (ARMSTRONG & ARMSTRONG 
1990; BRIX et al. 1992; BRIX et al. 1996). 
The stability of reed-dominated cosystems depends on a 
balance between the processes of progression and retreat. In 
large areas of Europe, however, the balance between the 
progress and the retreat of reed has shifted towards aprocess 
of die-back (DEN HARTOG et al. 1989). Since the balance be- 
tween open water and reed vegetation is a key parameter for 
the ecological quality of many European wetlands, the die- 
back of reed have large consequences for important wetland 
functions. The dying back of Phragmites observed in recent 
years in many parts of Europe led to the setting up of the 
EUREED project in 1993 under the IIIrd Framework Pro- 
gramme of the European Commission (Contract no. EV5V- 
CT92-0083). The project was developed as a co-operation 
between universities and research institutions in seven coun- 
tries (Table 1). The general aim of the project was to examine 
the effects of interaction between eutrophication, water table 
management and temperature on ecophysiological processes 
in the reed plants and biogeochemical processes in the sedi- 
ments. 
The EUREED project 
The general understanding of the reed die-back syndrome in- 
creased significantly during the two-year EUREED project 
(VAN DER PUTTER 1995). Various die-back symptoms and 
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Table 1. Partners of the EUREED I project, 1993-1994 (Contract no. EV5V-CT92-0083 and CIPDCT 925064 with the Commission of the 
European Community). 
Project leader Institution and Country 
Coordinator: Dr W.H. VAN DER PUTTEN Netherlands Institute of Ecology, Centre of Terrestrial Ecology, Heteren (NL) 
1. Prof. Dr. W. ARMSTRONG 
2. Prof. Dr. H.-H. SCHIERUP 
3. Prof. Dr. J.-G. KOHL 
4. Prof. Dr. H.J. LAANBROEK 
5. Dr. H. CI~KOvA-KON~ALOVA 
6. Dr. M. DINKA 
7. Dr. J.P. FERNANDES 
University of Hull, Department ofApplied Biology, Hull (GB) 
University of Aarhus, Institute of Biology, Aarhus (DK) 
Humboldt-Universit~t zu Berlin, Institute of Biology, Berlin (DE) 
Netherlands Institute of Ecology, Centre of Terrestrial Ecology, Heteren (NL) 
Inst. of Botany of the Acad. of Sciences of the Czech Republic, Tfebofi (CZ) 
Inst. of Ecology and Botany of the Hungarian Acad. of Sciences, Vficrfitot (HU) 
University of t~vora, Department ofBiology, t~vora (PO) 
causes were identified. There seems to be a point of no return 
after which the process of die-back is self-enhancing. In 
some cases this results in the retreat of Phragmites from deep 
water, whereas in other areas the stands become less dense 
and, after clumped growth, finally disappear. Die-back 
stands have a relatively low productivity, a short growing 
season, low or clumped shoot density, delayed flowering and 
a low percentage of living rhizomes as compared to healthy 
stands under comparable site conditions. Usually the sedi- 
ments have a high organic matter content, a high rate of 
methanogenesis and in some cases high concentrations of
volatile organic acids and/or sulphide. The plants show ab- 
normal lignification, suberisation, callus and tylose forma- 
tion, which blocks the internal gas exchange route. 
These die-back effects are caused by a number of environ- 
mental factors that have been subject to human-induced 
changes during the past decades. Eutrophication is a key fac- 
tor, but the effects are indirect, via accumulation of organic 
litter and degradation products, rather than direct via in- 
creased nutrient uptake and disturbed carbohydrate storage 
and remobilisation. Anaerobic decomposition f litter and al- 
lochtonuous organic matter results in the production of 
volatile organic acids and other constituents such as sulphide, 
that may reach phytotoxic oncentrations. Water table man- 
agement is another key factor influencing reed growth dy- 
namics. Reduced water table fluctuations as a result of artifi- 
cial control of the water table in a wetland may contribute to 
the accumulation of phytotoxic decompositions products in 
the sediment which affects the reed growth. Human activities, 
such as mechanical harvest of reeds by heavy machinery, may 
have very destructive effects on the reed stands locally. Also 
some of the intrinsic properties of reeds may contribute to the 
vulnerability of the stands towards anthropogenic changes. 
The studies of the Dutch and German groups indicate that 
reed populations with low genetic diversity may be more vul- 
nerable for die-back than genetically diverse populations. 
One of the unresolved questions in relation to reed die- 
back is why die-back has not as yet been recorded in fresh- 
water tidal marshes and in southern Europe. The better water 
exchange and the prevailing aerobic decomposition of litter 
occurring at freshwater tidal marshes may be one explanation 
why reed die-back does not occur at these sites. At sites with 
stagnant water, fermentation products in the sediments may 
accumulate ophytotoxic levels, and at brackish sites sulphide 
may act as a toxin. The reason why reed die-back has not been 
recorded in southern Europe remains unclear. One explana- 
tion may be the different seasonal growth pattern in warm 
southern climates as opposed to temperate northern climates. 
In southern Europe, the biological processes (including de- 
composition) continue throughout the year, although at a re- 
Table 2. Partners of the EUREED II project, 1996-1998 (Contract no. ENV4-CT95-0147 with the Commission of the European Community). 
Project leader Institution and Country 
1. Dr. H. BRIX (Coordinator) 
2. Prof. Dr. J.-G. KOHL 
2a. Dr. W. OSTENDORP 
3. Prof. Dr. J.M.M. VAN DAMME 
4. Dr. S.E.B. WEISNER 
5. Dr. EA. COM*N 
6. Prof. Dr. J. ARMSTRONG 
7. Dr. H. CI2KOVA-KON~ALOVA 
8. Dr. M. DINKA 
9. Dr. J. HANGANU 
9a. Dr. M. PAUCX-CoMKNESCU 
University of Aarhus, Institute of Biology, Aarhus (DK) 
Humboldt-Universit~it zu Berlin, Institute of Biology, Berlin (DE) 
University of Konstanz, Faculty of Biology, Konstanz (DE) 
Netherlands Institute of Ecology, Centre of Terrestrial Ecology, Heteren (NL) 
University of Lund, Department ofEcology/Limnology, Lund (SE) 
University of Barcelona, Department ofEcology, Barcelona (SP) 
University of Hull, Department of Applied Biology, Hull (GB) 
Inst. of Botany of the Acad. of Sciences of the Czech Republic, Tfebofi (CZ) 
Inst. of Ecology and Botany of the Hungarian Acad. of Sciences, V~cr~tot (HU) 
Danube Delta Research and Design Institute, Tulcea (RO) 
Institute of Biology of the Romanian Academy of Sciences, Bucharest (RO) 
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duced rate during winter, whereas in northern cold climates 
the processes are completely arrested uring winter. The rate 
of decomposition, and hence the rate of production of poten- 
tial phytotoxins in the sediments, may therefore be higher dur- 
ing summer in cold climates than in warm climates. 
Much still remains to be done particularly at an experi- 
mental evel, to further explore the causes of die-back and 
establish the links with the growth dynamics of the plant. It 
is also important to examine xperimentally possible preven- 
tative measures, inorder to avoid further die-back, and to de- 
fine remedial actions necessary for the restoration of reed 
beds. In consequence, the Commission of the European 
Community has approved to fund a second three-year phase 
of the research initiative (EUREED I1) within the IV Frame- 
work Programme on Environment and Climate (Contract no. 
ENV4-CT95-0147). The overall objective of EUREED II is 
to increase the understanding of the interactive effects of cli- 
mate, atmospheric composition, eutrophication a d manage- 
ment practices on the dynamics and stability of reed-domi- 
nated wetlands, to develop tools to predict he consequences 
of man-induced environmental changes on ecosystem func- 
tioning, and suggest management options including preven- 
tative and restorative measures in relation to die-back (Fig. 
1). The work-programme of the project is based on the 
knowledge achieved uring the previous two-year project. 
The number of partners has been increased from seven to 
eleven (Table 2) to allow studies to be conducted at the cli- 
matic extremes within Europe and to extend the scientific 
expertise within the project. The scientific approach of the 
project is multidisciplinary, and the personnel involved have 
complementary skills and expertise. 
Work-programme 
The work-programme of EUREED II consists of the fol- 
lowing three main elements: 
1. Studies at reference sites: A Phragmites-dominated 
wetland will be selected in each of the participating countries 
as a "reference site". A minimum programme will be con- 
ducted at the reference sites with the purpose of getting 
knowledge on the seasonal growth dynamics in relation to 
climate and other environmental factors (trophic status, 
water table, etc.). The methodologies applied by the various 
partners will be harmonized, so that results can be interpolat- 
ed between sites in the climatic gradient. Furthermore, 
ploidy-level and genetic variability will be analyzed at all 
reference sites. The reference sites will also be the object for 
more intense studies of specific aspects by various partners. 
2. Workshops: Each year a workshop will be arranged, 
emphasizing specific topics in relation to the overall aim of 
the project. The topics to be studied at the workshops are de- 
pendent on the attributes of the specific sites. In addition to 
these annual workshops where all partners participate, fur- 
ther workshops with participation of relevant specialists 
from two or three countries will be arranged. 
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Fig. 1. Conceptual scheme of the EUREED II research. 
3. Specific studies: Each partner will conduct a number 
of specific studies (observational, experimental) emphasizing 
their special qualifications. Some of these specialized studies 
will be conducted at the reference sites, including reference 
sites in other countries for comparison, some will be conduct- 
ed at sites with special characteristics, and some studies will 
be conducted as laboratory and field experiments. 
Climate 
The climatic gradients represented in EUREED II include 
a boreal-mediterranean gradient ranging from northern Swe- 
den to Spain and an oceanic-continental gradient ranging 
from Great Britain to Romania (Fig. 2). Warm arid highland 
areas are also represented (in Spain). The annual mean tem- 
peratures at the sites vary from 2.6 °C in northern Sweden to 
18 °C at the Ebro delta (Spain), mean January temperature 
fi'om -9.6 to +10 °C, and mean July temperature from 15 to 
23 °C at the same sites (Fig. 3 A). Temperature extremes are 
particularly obvious at the northern site in Sweden, in Hun- 
gary and Romania, whereas the annual variability is less in 
Great Britain, the Netherlands and at the Mediterranean Sea 
in Spain. Mean annual precipitation varies between 420 ram/ 
year at the Danube delta in Romania nd 750 ram/year in the 
Netherlands. The distribution of rainfall during the year re- 
flects the oceanic-continental gradient (Fig. 3 B). The bal- 
ance between precipitation and potential evapotranspiration 
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Fig. 2. The distribution of EUREED II reference study sites along a 
boreal-mediterranean and a oceanic-continental climatic gradient in 
Europe. 
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ranges from positive (i.e. precipitation exceeds evapotran- 
spiration) in Denmark, Great Britain and the Netherlands, to 
negative in Hungary, Romania nd Spain. 
The increased levels of CO2 (a doubling during the next 
century) and other greenhouse gases in the atmosphere are 
predicted to cause a rise in global temperature in the range of 
1-6 °C by the year 2100. This temperature increase will ex- 
tend the length of the growing season in temperate and bore- 
al areas, whereas the effects in warmer egions are unclear 
because of the interactive ffects of precipitation and evapo- 
transpiration. The metabolic activity of plants (photosynthe- 
sis, respiration) and decomposers will increase because of 
the higher temperature and the higher concentrations of at- 
mospheric CO2. However, interactive effects with water 
availability and soil salinity have to be considered. The refer- 
ence sites included in EUREED II provide an ideal frame- 
work for studying interactive ffects of climatic parameters 
on reed-dominated cosystems. 
Project work-packages 
The tasks to be carried out during EUREED II are divided 
into five work-packages, containing a number of activities. 
The annual workshops will contain selected subsets of the el- 
ements included in the five work-packages. 
Work-package 1: Biogeochemical cycling in Phrag- 
mites-dominated cosystems. The project will establish nu- 
trient budgets for various types of reed-dominated cosys- 
tems and quantify the importance of major nutrient rans- 
forming processes within the wetlands. Organic matter is 
generally accumulated in reed-dominated wetlands, and the 
presence of organic matter and its decomposition products 
have been experimentally identified as one of the possible 
causes of reed die-back (VAN DER PUTTEN 1995, 1996). Un- 
derstanding the cycling of organic matter in sediments is 
valuable, because this is always the dominant carbon path- 
way in eutrophic wetlands (WETZEL 1995). Unfortunately, 
there is little information about carbon metabolism and its 
contribution to oxygen stress in reed-dominated wetlands, 
and little is known as yet about he fate and effects of organic 
matter under field conditions. The sediment is usually the 
major site of organic matter decomposition i  eutrophic wet- 
lands. Anaerobic carbon decomposition i  wetland sedi- 
ments produces a range of fermentative products that are 
toxic to plants. It can also create a high oxygen demand that 
can stress plants by competing for their internal oxygen 
(ARMSTRONG et al. 1990). Methanogenesis is of particular in- 
terest, because it is often the only quantitatively important 
Fig. 3. Annual mean and range between minimum and maximum 
monthly mean (A) air temperature and (B) precipitation atthe refer- 
ence sites of EUREED II. S 1: Lule~; $2: Lake Tfikern; DK: Vejlerne 
Nature Reserve; UK: Blacktoft Sands; NL: Zwarte Meer; DE: Lake 
Seddinsee; CZ: T~ebofi; HU: Lake Fert6; RO: Danube Delta; El: 
Gallocanta; E2: Ebro Delta. 
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pathway of anaerobic arbon mineralization in freshwater 
sediments, and only occurs under highly reducing conditions 
(GAMBRELL et al. 199l). Methanogenesis is therefore an ex- 
tremely useful parameter, because it gives an understanding 
of (i) organic matter cycling in the system, (ii) anaerobic 
oxygen demand experienced by the plant, and (iii) produc- 
tion of CH4 in reed sediments. Phragmites roots can play an 
important role in sediment biogeochemistry; on the one hand 
by aerating the sediments by means of radial oxygen loss 
from the roots, on the other hand by acting as a low resis- 
tance path for the escape of the greenhouse gases CO2 and 
CH 4. The production and release of CH 4 from wetlands is a 
major component oftrace gas emissions into the atmosphere. 
The atmospheric CH 4 concentration is of particular concern, 
for it has increased by 1% per year during this century (RAS- 
MUSSEN & ICqALIL 1986), yet the rate of increase fluctuates 
for reasons that remain obscure (KHALIL & RASMUSSEN 
1993). Many plants are known to be major carbon sources 
for methanogenesis and routes for CH 4 transport in wetlands 
(CHANTON et al. 1992; LINDAU 1994; WHITING • CHANTON 
1993). Reeds as well as many of the other emergent plants in 
wetlands (BRIX et al. 1992) possess a pressurized internal 
ventilation mechanism that has been shown to significantly 
enhance the emission of CH 4 and CO 2 to the atmosphere 
(SORRELL & BOON 1994). Given that reed is one of the most 
widespread and most dominant of wetland species, it would 
have been expected that production of CH 4 and other green- 
house gases had received considerable attention in reed- 
dominated wetlands. This is far from the case: little is known 
regarding the quantities of greenhouse gases emitted by 
Phragmites plants and wetlands. 
Work-package 2: Growth dynamics and ecophysiolo- 
gy of Phragmites in relation to climatic conditions. 
Growth dynamics of reed will be affected by the climatic 
conditions. Total annual productivity may not vary a lot be- 
tween sites. However, growth and decomposition processes 
are intensified uring summer in the northern and continen- 
tal areas, whereas in oceanic and Mediterranean areas sea- 
sonal differences are less pronounced. Changes in climate 
are expected to influence the growth dynamics of reeds, es- 
pecially at the climatic extremes. Global warming is expect- 
ed to enhance reed viability in northern areas, whereas via- 
bility in southern and continental areas may decrease as an 
effect of increased occurrence of severe droughts and in- 
creased salinity. However, interactive ffects of the global 
and regional anthropogenically-induced environmental 
changes must be evaluated indetail in order to make a quali- 
fied prediction on future ecosystem changes. The reference 
stands elected in each of the participating countries will act 
as the basis for comparative studies of the growth dynamics 
of reeds in relation to the climatic conditions. The spatial 
variation of reed parameters can be very large within and be- 
tween wetlands of a geographic region. Obviously, many 
factors contribute to variation of a given parameter between 
permanent plots (differences in genotype, resources and con- 
ditions). Therefore, the reference stands will be selected as 
far as possible at sites with similar environmental conditions 
(sediment composition, trophic status, water table) so that 
the main variable will be the climatic conditions at the sites. 
Work-package 3: Direct and indirect effects of eutroph- 
ication on growth dynamics and ecophysiological charac- 
teristics of Phragmites. The studies of reed die-back under 
the EUREED I project (VAN DER PUTTEN 1995) have shown 
that anthropogenic influences uch as interference with water 
tables, mechanical damage and excessive organic matter input 
were commonly associated with die-back of reed beds. At 
some sites there was a strong link between die-back and phy- 
totoxins (e.g. sulphide) within the sediments. These could 
originate from the death and decay of below ground parts of 
the plant or the decay of various types of polluting organic 
matter. Major discoveries were that blockages in both the aer- 
ating and vascular systems and lignification of absorptive 
areas of roots were common features at die-back sites (ARM- 
STRONG et al. 1996). These same characteristics were induced 
in laboratory experiments by subjecting plants to sulphide and 
acetic acid (ARMSTRONG & ARMSTRONG 1996 b). Phytotoxin 
development within sediments can be brought about by in- 
creased sediment anoxia if oxygen is no longer released in 
sufficient quantities by the roots of the plant, while decay of 
below ground parts following death by anoxia can enhance 
the numbers and concentrations of phytotoxins, particularly 
the volatile organic acids (KOVACS et al. 1989). The activities 
of work-package 3 focus on sediment biogeochemistry in re- 
lation to reed growth and physiology. 
Work-package 4: Interacting environmental factors 
(salinity, water) and stochastic events (fire, harvesting). 
One of the major outcomes of EUREED I was the identifica- 
tion of the anthropogenic disturbances in reed systems that 
can trigger or exacerbate die-back. In EUREED II, we will 
examine these disturbances with more controlled, hypothe- 
sis-testing experiments, to determine how they weaken and 
damage reed populations. The outcome of the studies will be 
of great practical significance, for it can provide direct sug- 
gestions for responsible management and protection of reed 
ecosystems. This work-package therefore comprises a series 
of strongly focused studies that will illuminate many of the 
most serious threats to reed survival under natural condi- 
tions. In EUREED I, we noted a strong tendency for eutroph- 
ication to be associated with damage caused by other factors, 
and these investigations are therefore related to aspects of 
nutrient cycling discussed in the other work-packages. 
Work-package 5: Genetic variability within and be- 
tween Phragmites populations and the relation to plant 
phenology and ecophysiology. P. australis is a polymor- 
phous species, and various authors have distinguished differ- 
ent varieties based on differences in morphology and growth 
vigour. However, no relation between the ploidy-level and the 
environmental conditions has as yet been discovered. In the 
Danube delta an octoploid variety (2n = 96) is characteristic in 
freshwater and a tetraploid variety (2n = 48) occurs predomi- 
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nantly in saline areas. The climatic gradients involved in this 
project provide a unique opportunity to clarify to what extent 
the polymorphism is related to the environmental conditions. 
Until now there has been little evidence that substructuring 
of reed populations occurs along a land-water gradient. How- 
ever, research in EUREED [ showed that growth differences 
between clones were much larger within populations than be- 
tween populations originating from habitats of different troph- 
ic status (Cook & JOHNSON 1968). This may indicate that fac- 
tors other than nutrient availability (such as water del~th) are, 
or have been, the main selective forces in reed populations. 
The stabilizing of water levels may hamper the establishment 
of new populations after old ones have been destroyed, where- 
as the absence of sexual recruitment makes clonal plant 
species very vulnerable to permanent human-induced changes 
in the environment (VAN DER PUTTEN 1995). Such permanent 
changes in the environment may result in strong directional 
selection leading to a rapid "unnatural" disappearance of
clones and eventually of whole populations. The disappear- 
ance of clones adapted to deep water may have large conse- 
quences for the restoration of reed populations. Therefore 
studying the genetic structure and functioning of both stable 
and declining reed populations i of paramount importance for 
the management and protection of reed vegetation. 
Summing up, EUREED II is expected to: 
• benefit he community in the detection, forewarning and pos- 
sible avoidance of damaging influences to reed-dominated 
wetlands in the widely differing climatic regions of Europe. 
• help in preserving the stability of reed ecosystem by indi- 
cating reclamation measures where reed has died back and 
the avoidance of future damage. 
• increase our knowledge of the physiology and growth dy- 
namics of reeds, especially in terms of water table man- 
agement, eutrophication, phytotoxin levels etc. 
• improve our knowledge on ecotype selection for rehabili- 
tation purposes. 
• increase our understanding of the mechanisms involved in 
greenhouse gas emissions by wetlands and quantify their 
contribution. 
• provide tools to predict he effects of future environmental 
changes on the ecosystem functioning. 
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